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REDUCING AERODYNAMIC RESISTANCE HOLES WITH ANNULAR
RIBS AND RECESSES

V. I. Khanzhonkov

As & result of ctream compression and subsequent expanslion of
game behind the openiiy, the flow of real flulds and gases through
openings is usually accompanled by a consliderable energy losg. The
energy loss 1s especlally great if the input edge of the opening 1s
made sharp. And 80, at a sharp 1lnput edge for an opening situated in
a flat wall of a reservolr, energy ioss equalg ~2.7 of dynamlc pressure
of the stream determined by the average veloclty in the opening; and
ror a plpe opening wlth a sharp lnput edge, it 1s equal to the
dynamlc pressure of the stream.

For the purpose of reducing the input resistance of the edge of
the opening turned toward the stieam, the openlng 1s made rounded.

In thls case, when the thickness of tre wall, 1n which the opening

1s made 1s small, and as a result of this, 1t is Impossible to realize
a rounding of sufficlently large radius, they resort to installation
in front of collector openings, assurlng smooth entry of the flow.
Ordinarlly, conlcal collectors made In the form of & funnel narrowling
towards the opening and profiled by the arc of the circumference, or

ty very complex curves are used, for example, by a lemniscate arc.

FID-ET-00-371/1+°+4 1
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Seithiy up the colleotors profiiled by cmooth curves, the Input
resistance in the openldng can be veduced to 1.H — % of dynamle
gleam pressure.

In many 1nsfancenr, when the use of conlcal and straleht collectors
1s diffilcult for thege o duy olher reasons, and 1n gome 1nstances

even 1mpossible, the Input reslstance in the openlng can be sub:stan-

“tilally reduced by placing close to the input openlng, an annular rl.

or annular recesslion enveloplng the openilng,
We will explaln the principle of actlon of these annular fins
and recesses, and we will reveal thelr optlmum geometrical dimensions

at which input reslistance becomes mi;ilmum,

Flow in Openings with Annular Fins

We willl examine a flowchart of a liquid during the entry into

_a tube (Fig. 1). When flowing around the input edge, as a result of
_the presence of componentlal veloclty normally directed towards the

‘axls of the opening, liquld particles are separated from the edge and

move over curvilinear trajectorles, At flrst, the stream behind the
input opening narrows gradually, then at a certailn dilstance from the
opening, the compression of the stream discontinues and stream
threade in that sectlon move parallel to the axis of the opening.
Next the stream expands, fllling up the passing sectlion of the pipe.
An annular area — "dead zone", fllled with eddies, 1s formed between
the stream and the wall of theplpe. The processgs of stream separation
from the input edge, narrowing of same and subsequent expansion,
i1s accompanied by an unrecoverable energy loss.

The basic fraction of energy losses 1s bound with stream
expansion 1n the plpe suring the transfer from its narrow section to

the wilder. Losses due to inner frictlion in the 1liquid during stream

~3
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naryvowlng, to f'riction gpninst the walls of the pipe &nd to rotation
of' vddles In the shaded =zcne, are small and comstitute hundieds of

Tractlons of the total enerpy loss.

Flg. 1. ZEntry of liquid into the pipe with sharp edge.

Losses bound with stream expansion can be substantially reduced
if we create a prellminary stream compression In front of the opening,
In such a degree, that dimenslonsg of the 20mpressed sectilon of the
stream would correspond to the dimensions of the input opening. For
this purpose annular fins or annular recesses (Fig. 2) can be used.
In these cases, the stream runs off from the edge of the fin or
recess, and obtalning preliminary compression, tends toward the input
opening ol the plpe. kddy masses of the liquld included in the annular
space, limited hy the surface of the narrowlng stream and annular fin
(reeess), form a certaln type of "wet" collector, directing the flow
to the input opening of the plpe. Depending upon the ratio of the
diameter and lenpth of tne fin, a different degree of filling thre
intake opening of the pipe with the stream can be obtained. Evidently,
that such optlimum fin dimenslons do exlst at which the stream fully

fills up the intake opening of the plpe, the stream expansion

FTD-HT-6E~371/1+7+4 3
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phenomenon behind the input opening will be broupht to nothing, and
the pressure losses at the Intake will be minimum. Thelr magnitude
will be determined basically by the turbulent friction losses,
narrowing the stream by the alr included in annular space belween fin

{rib) walls and the stream.
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Filg. 2. Entry of 1ligquid into pipe with
Experimental Ingtallation and Testing Method
The tests were mnde with a cylindrical pipe with a dlameter
d = 122 mm and 8 wall thickness of % mm (Fig. 3). At the input
opening on a section #0 mm long, the wall in the direction to input
opening wapg praduslly made tninner, and at the very 1lnputl edge, 1ts
thickness was equal to 6 = 0.2 mm, whlch at % = %%% = (., 0025 allows

the consideratlc of the lnput edge of the opening, sharp in zero-

dynamlc ratlo,

FTD-HT-0U=%71, 1444 4
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Fip. 3. Scheme of 1inetallatlion to determine the

reslistance coefficient of entry Into tihe plpe with
annular fin or recess,

KEY: 1) pipe £ 122 mm; 2§ annular rit; 3) pipe g

708 mm; 4? coordinator; %) flat screen; €) transient

flange; 7) pipe g 160 mm; 8) measuring nozzle; )

rubber nipple; 10) air blowing; 11) connecting pipe

for measuring pressure logses; Nos. 1, 2 and 3 are

mlcro preasure gages.

A selectlon of cylindrical nozzles, having & wall thickness of

0.3 mm and differing by the dlameter value, served to create annular
fins enveloplng the lnput openlng of the pipe with sharp edjye. Nozzlesg
with a dlameter D = 134, 146, 158, 171, 183 snd 195 mm were prepared
for the tests. Change in dlstance 1 between the cut of the plpe and
znid rnorvzie cut, l.e., change in helght of annular fin; was obtained

by displucing the 208 mm 1In diameter plpe and the nozzle connected

" 4 b, Ll REE 2
with 1t slonpg the oxdes of the basle pipe, with th

(D]

ald of a special
coordlnator, whereby the very baslc pipe 1taself appeared to be
directed for the pipe wilth a dlameter 208 mm. In thls case, the
nelght of the annular fin equalling zero, wase obtalned when the nozzle
cut and the cut of the pipe¢ lled 1n one plane.

To obtaln a&an annular recess on the nozzle along side with its
input edpge, a flat screen with a diameter of 800 mm was fastened, as

1s shown in Flg. 3, by the dotted lilne.
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A pipe with a diameter of 122 mm, with the aid of a iransilent
flange, wag attached to a pipe line wlth & diameter of 160 mm and
placed 1in measurlny nozzle with a dlameter of 120/460 mm. To this
translent flange, by means of a flexible rubber nozzle, a pipe wlth
a diameter of 208 mm with annular fin was attached, Free displacement
of the 208 mm pipe relatlve to the 4122 mm 1n diameter pipe was
assured thanks to the rubbher nozzle, and the posalible alr inflow Into
the input opening of the plpe through the annular channel has been

prevented; the annular channel was formed by these plpes. The alr

‘flow In the experimental lnstallatlon was created wlth the ald of a

blower, the insuction openlng of which was attached to the 160 mm in
dlameter plpe.
At thec Input into the plpe, the magnltude of pressure losses was

measured wlth the ald of & micromanometer No, 1, attached to the

Jconnecting plpe with 122 mm in diameter, at a distance of %%2 mm

from input opening;, where the process of readJustinp the veloclty
"leld Leiind the input opening for test data can bhe consldered
practically finlshed.

he consumptlon of ailr was determined by the ' ressure alfferentlal
ire front of the nozzle and behlind 1t, measured by awlcrorniznometer No. 2.

Indicatlons by micromanometer No. % reglstering the pressure 1in front

[

of' tne nozzle, was used to determlne the volumetrlc welpht of the
alr flowlng through the nozzle; and introductions lnto the eguatilon
of consumptlon of correspondlng correctlions, provided by normsg af'ter
measurlng: the delivery.

Ixperimernts wjtuvtne openlng 1In the flei wali vere made 1n lline
wlih testlng tne opuuinga. The openling 11 the {latl wall was made with
a diameter d = %00 mm, and 1t had a sharp intake edge. Annplar fins

and recesgses were made with a dlameter D = 416, 440 and 480 mm. The

FTD-HT-00-2T1/ 14244 6
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fins were prepared {rom sheet steel of a thickness of 0.3 mm In - ae
form of a selectlorn of variable short nozzles of various length.s To
obtaln annular recesses on these nozzles, as well as in the case
of tests wlth a plpe wlth flat screens, were placed alongzide with
the input edpe of the fln,

The flat wall with openlng and annular rib was attached to
the rarefactlion chamber representing a reservolr with a diameter of
1000 mm'and 3000 mm in length, The pressure drop between afmospher
and chamber characterized the reslistant to flow through of alr through
the opening. Ailr dellvery and the pertinent average rate of the flow
in the opening was determined with the aild of the measuring collector
placed between the rarefactlon chamber and ventilator, which sucks
out the alr from the chamber,

The resistance coefficlent of entry into the pipe with annular
fins or recess was determined by the differential, in total pressures

up to and after the 1lnput opening

Imefal gy

g (1)
2
where P, — 15 the pressure in the surrounding space (atmosphere);
p — 1s the statle pressures in the plpe with a diameter of
122 mm;
V — 1s the average rate of flow 1n the input opening of the

pipe, calculated by consumption;
p — density of alr.

The input reslstance coefficient determined by formula (1), is
referred Lo the area of lnput openlng of the pipe, and it includes
Lhe input losses connected wltin stream compression, zs well as friction
Josses of the strzam apalnst the walls of the plpe alceng the section
from the input edge to the polnt of measuring statlc pressure p.

The reslstance coeffleclent to outflow from the opening in a

lat wall witi annular rib or annular recess, was also determined by

the ditferential of full pressures

FID- 1P -0G- 271 /1404 4 7
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Here p, — 1s pressure in the surrounding space from the side of the
= ‘annular rib;
p - pressure behind the opening in the rarefaction chamber.
This resistance coefflcient 1ncludes also, pressure losses gt
the input into the copening, and dynamlc pressure losseg of the stream

at the exlt from 1it.

Test Results
Plpe With Annular Fin
Results of determining the resistance coefficient of entering
into the plpe with a sharp edge, 1in dependence upon the relative length
l/d of an annular fin at its various relative dlameters D/d, are glven

in Fig. 4. The negative values of fin length corresponds, to its

..-positions at whilch the cut of the fin 1s situated behind the plane of

input oper:ing of the pipé, in the direction of flow movement in 1it.

These results were obtalned at an Re number = 3-105, referred to the

diameter of the plpe,

From the test results, it 1s evident that without an annular fin,

which corresponds to the case of 1/d = - 0.5, the entry reslstance

coefflclent Into a plpe with sharp edge is ¢ = 4., In proportion to
to the approach of the annular fin to the 1nput opening, the coefficlent
£ at first gradually decreases, the more so the greater the dlameter .
of the fin; afterwhich, 1t gradually and rapldly decreases, whereby
the drop in value { is faster the smaller the dlameter of the fin;
ther { reaches its minimum value and further with the rise in (/d 1t
gradually lncreasesg.

It 1s of practical interest tc examlne the causes causlng such a

character 1n change 1n coeffleclent { 1in dependence upon length and

diameter of the fin,

FTD-HT-C0-%71/14 044 8
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Fig. 4. Resistance coefficlent of entry into a pipe
" with 8harp edge and annular fin in dependence upon :
fin length at various dlameters. A T

At small negative values 1/d (from 0.5 to 0) the much greater

reduction in the value { takes place for operiings with small diameter

eaid i

fins. In such a case, at an ldentlcal length of the fin, the ratio

of the distance between fin and sharp edge of the pipe D ;'d to the } éi
length 1 of the fin 1s smaller for fine of small dlameter; as & result : '
of which, the flowing of from the fins streams are directed to the
input openlng of the plpe at a small angle to the axis of the pipe, .
and 111 up better the input opening of the pipe (Fig. 5, b). ;t %
It 18 Interesting to mentlion, that the smallest value of the :
coefficlent { for openings with various fins, is acquired in these

cases, when the ratlo of the dlstance between annular fins and sharp

edge, to the length of the fin, equ.als approximately a constant value

—— -

~05
o =054,
q
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a)7.1-=123ndD2>D1 b) 1, =1, and D, > D,
d, > d1 and correspond- d < d and correspond-
ingly, £, < &4 1nsly, CQ 4

Fig. 5 a and b. Effect of length and diameter

of fin on the value of stream at input into
the plpe,

';;; At such & value -—5-—- the stream running of from the edge of an

annular fin, fills up most fully the input opening of the pipe. The

- compresgion phenomenon of the stream disappears behirnd the opening;

and with 1t dlsappear pressure losses bound with the expanslon of the
stream. Only pressure losses remaln, caused by friction of the

narrowilng sectlons of the stream against the alr, which 1s situated

" in the annular space petween the stream and annular fin; and the

friction of the stream against the wall of the very pipe on the
gectlon from the input openlng to the connectling plpe, by which ihe
pressure was measured. The smallest lnput losses take place at an

annular fin with a dlameter D/d = 1.3 and length 1/d = 0.29. In thls

At a further increase I1n the length of the annular fin, 1l.e.,

at Dﬂz d > 0.54% the resistance coefficient rises gradually because the

sharp input edge of the pipe falls 1n the expanding section of the

stream; and the stream 18 forced to bend same (Fig. 6, a) which leads

FID-HT-€6-371/14 74 10
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1o & certaln compresslon of the stream behlnd the opening and a

corresponding increase in coefficlent £,

— e —d ——— e L

Fig, 6. Input into pipe with leng fin and fin of
small diameter.

It 1s necessary to mention a somewhat different nature of the
curve { = f(é) at D/d = 1.1 1in comparison with curves at D/d = 1.2.—
—- 1,6 18 due to the fact, that at a very small diameter of the
annular fin, the sharp edge of the input cpening of the plpe with 1its
final sectlon, 1s fully situated 1in the aerodynamic shadow and on the
process of stream narrowlng of the stream flowing off from the edge
of the fin, it almost exerts no effect (Fig. 6, b). At 1/d > 0.6
tile edge of the input in flow of the plpe falls 1nto the expanding
actlve flow, which as alrecady menticned, leazds tc an ingremze In §
coefficlent, l

For the purpose of improving the Inllow smoothriess of the stream
into the plpe, its sharp inflow edge was madc rectangular, as 1s shown
in Flg. 7. To obtain a rectanguler edge on the pipe with sharp edge,
varlable flanges are fitted so that the area of the flange coincildes
with the area of pipe cut. The flanges were inserted intec an annular
{in with minimum gap, assuring freedom of flange displacement within
the fin atl a sufficiently dense adherence of the edge of the flange

to the internal surface of the fin.
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Fig. 7. Resistance coefflclent of inflow 1into the
pipe wilth rectangular edge and annular fin, 1n

dependence upon the length of the fin at 1ts various
. dlameters.

The tests have shown that at a rectangular edge, the reslstance
coefflclent of the inflow acquires a somewhat smeller value thnan atc
a sharp input edge. The nature of change 1in dependence [ = f(é) at
% > 0 for a rectangular edge, 18 pregerved 1n sucih a way ag fer Tne
sharp edge. A substantlal difference in the value of coefficlent
{ takes place at negative values 1/d, when the inflow edre of tne
pipe protrudes outwards from the fin. The presence of & screen at the
input into the plpe - flange, making the input edge of the plpe
recfangular, reduces the resistance coefflclent from £ =1 to § = 0.5 —
— 0.6 at = < - 0.1. The smallest value the reslstance coefficlent
does acquire at D/d = 1.% and 1/d = 0,24, In this case, { = 0.1,
Another varlan{ improving the smoothness of stream inflow of the
stream flowlng from the edge of the annular fin 1nto the plpe, cerved

a varlant in which the inflow nozzle wluvh sharp edge, vwan reploced

FID-HT-66-271/1+2+4 12
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by a nozzle wltn input edge rounded off in radlus equalling % of
pipe dlameter, Tests were carried out with annular fins of three
diameters : D/d = 1.1, 1.3 and 1.6,
Experiments have shown (Fig. 8) that at an annular fin of small

lameter (D/d = 1.1), the coefficlent ¢ in range 1/d = 0.05 — C,6
remalns almost the same as at a sharp inflow edge (Filf. #4). Al
1/d =% 0,6 when the inflow opening of the plpe falls in.o the expansion
zene Of the stream behind the compressed sectlon, roundings off by
radius r/d = 0,02 of the edge, which improves the inflow conditions,
reduces somewhat the pressure losses. A more noticeable reduction in
the resgistance coefflclent takes place at larger dlameters of the
annular fin. And so, at D/d = 1.3, minimum ¢ value decreases from

0.23 to 0.24, and at D/d = 1.6 from 0,29 to 0.20. In this case,

the rounded off input edge allows notlceably to reduce the optimum

length of the annular fin,
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Fig. 8. Reslstance coefficlent of inflow into the pipe
wlith rounded edge and annular fin in dependence upon the
length of the fin at 1ts various dilameters.
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In thls case, when the inflow opening of the plpe protrudes
outwards from tihe annular fin (at negative values 1/d), the resistance
coefficient tends to a constant value ¢ = 0,61, which correspeonds te

= [~ e ¥

a free entry into the pire with edge rounded off by a radius r/d = 0.02.

Pipe With Annular Recess
Results of testlng the input into a plpe with sharp, rectangular
and rounded off input edges In the presence of an annular recess, are

given in Fig. 9, 10 and 11 respectilively.
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Fig. 9. Reslstance coefficlent of inflow
into the plpe with sharp edge and annular
recess in dependence upon the helpht of the
recess at its various diameters,
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reaction of the input edge of the plpe wilth the st»ream appears to be

. the minimum input reslstance 18 observed at a substantially preater

E
%
im:

‘the wallg of tue pipe along the sectlion from the input openirypy to tiie

e e L g _ - e

A comparison of graphs, shows that the nature of change in

dependence 6 = f(%) at an identlical form ¢f the pipes input edje, for
annular rins &nd annular recesseg 1s anancgous., The difference takes
place only for curves { = f(é& at D/d = 1.1. As already mentioned,

the inflow edge of the pipe in & range of 1/d = 0,05 - 0,60 1s situated
in the aerodynamic shadow and on the process of stream narrowing,
flowing off from the edge of the fin, exerts almost no effect, The
resistance coefficlent in this range independently from the i'orm of the
input edge of the plpe, remaine constant and equal to £ = 0.47 - 0.45.
In the case of an annular recees thanks to the screen, a less sharper
turn of the stream near the edge of the recess 1s assured. Tue

compression phencmenon of the stream weakens, and the Input edpge of

the pipe comes 1n contact witihh the actlve stream. The result of

8 noticeable reductlon In reslstance coefficlent in the range of
changes 1/d = 0,05 - 0,06 at D/d = 1.1.

Annular recesses as well as annular fins, substantlally reduce
pressure logses at the lnput of the stream into the plpe. Character-

i1stic to that at an annular recess, appears to be thls clrcumstance,

lenpgth of tue recess 1/d, than at an annular fin of tie very sanme
diameter,

The above ;~iven reslstance coefflclents for the lipnt 1nto the
pipe with annular fins and recesses, characterliae pencral pressure
losses, consisting of local losses connected with flow cepuaraterion
trom the input edpe of the openlng and 1ts subsequent expanslon in thne

pipe, and pressure losses caused by frictlo: of the flow against

FTO-HI-C0 271/ 14 44 : 16
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rectlon, 1n which pressure wag measured during the experiment. 1In

thls way, the covefflclent of general pressure logves at the input 1e ?

{=C 45,
In order to determine fﬁe value of locsl input logses, 1t 1s
riecegegary to deduct the frictlon losses from the general logges. To
reveal by an experlmental way, the actual value of pressure losses to

friction appears to be 1lmposslble, The fact 1s, that the surface

ratio of pipe walls flushed by the active stream, and the surfacesg of

Bl idibia . o

plpe walls coming 1in contact with the eddy area, appears to be a
variable value dependlng upon the dimensicns of the annular fin and
the degree of sharpness o the input edge of pipe opening. The
determination of this ratlo 1s bound with greater experimental
difficulties. But in thls case, 1f they would be cvercome, the nature ¥ = :=
1s stifl complicated by another, which remains unknown as the value
of the frictlon coefficient of clrculating lows agalnst the wall

of the pipe; as well as the friction cocefflclent of the actlive cstream,
tne rate of which on the constant section with the wall of tne plpe,

is veriable. Consequently, the value of the local recictance cceffic-

jent can only he approximately determined,

Ne doubt, the value of friction losses becomegs small In comparison
with local input losses, at a sharp compression of the stream benind
the 1nput opening of the plpe, when the area with the c¢lreulation
ctreams ig great. In thls case, the value of the local input
resletance ccefficlent 1s clogse toc the value of the general reslstance
coeffieciesnt and can be practlically assumed to be

L=l
At a mall stream compresslion behind the opening or at complete

absence of cumnpresslion, when the gtream over the entire externgion of

FID-HT-0u=571/14 +4 -
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the cxperimenial sectlonof the pipe comes in contact with the wall,
the friction losses caused by frictlon of the stream, becomes
comparable with the local input losses, and 1t 18 nct permitted to
dlsregard same.

If the friction coefficient xl is conditicnelly adopted, the
pipes on thig sectlon equaling the friction coefficient A for the

b

sectlon of the pipe with fully developed turbulent flow, 1.e.,

. 0,3164 !
hy=dom =, ;
YRe 5
then the pressure loss ccefflclent to frictlon can be evaluated Ly ;
the value i
1
cI]I-)‘l 7! ( 3)

where L-length of pipe sectlon from the input opening to the 3
connecting pipe, where the pressure was measured. ] . j
Then applicable to conditlons of our experiments ;
. 0,3164 0,31 ' ' ' ' b

=== 0% 00135

YR y3ios

=) L 992
=) (), e
b=t - =0,0135 == 0,1,

The local resistance coefflclent for input into the plpe wltn ar.nlar
fin {recess)
Ca=C -Lp=C--0,11, (4)

This formnla csn be used In cases when gtream compresslen hiehihnd
the 1npnt openliyr of the plpe 18 very small or iz totelly zl.sent,
1.€e., In cases of constructlng annular fing or recesces oplimally
small or cloa3e to these dimensions at the pipe 1 )ppnt,

In Figs., 42 and 13 minimal coefficlients of Jocal 1nput resistance
into the pilpe wilth annular flns and recesses at differertc form of
input edsyre of Lhe plpe are piven, and corresgpondlng to Lhém optimumn

lengths of the flus (recesses) 1n dependence upon fin (rececc)dlamete:,

FID-T-ou-371/1404 4 . 18
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These dependences were formulated on the baglts vt feul results

represented 1n Filpgs, 4-14, wlith consideration of pressure losses due

to friction against the wall of the pipe, calculsted by formula (4),

2‘:
3
On these prraphs, 1t 1= c¢clearly evident that the deviceof reatanpular &

%
i
£
.,

i

or rounded edges at the input inte the pipe 1n compariscen with & sherp
edre, allows essentlally to reduce the optimum length of the fin -

(recess) ct a certaln reduction in local input resistance coefficlent.

(u Plr 1 -
p trt
| 0cTpon Kpowwd _4}

a8 o= 2 [RAMNIOMICN 1pOMNG g
11 INEERERN
1
o8] -t
|-
24
. a ‘[_‘
_ St ?f* / _ _ e
's) ‘
NTYA A
wip A —
- .‘(l// _,47“
a1 - - i —44-
. il

W M 42

Filg. 17, Minimum local input resistance
ccefficlents into the pipe with annular fin and
corresponding to them, optimum lengths of anrular
fin., 1 — Sharp edge; 2 — rectangular edge; 3% —
—~ edpe rounded by radius r = 0,02 d,

-
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Fig. 13, Minimum local
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‘ing to them, optimum lengths
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Fig. 15. Zones of suitable
application of snnular fins
ard recegges at trelr
identical overall dimenslons
for input Iinto pipe with
sharp edge. ‘

FTD-HT-65-371/1+2+%

en

— - (HIMenl], CRRYS MR l
! f lwwdwcy re0ord | |
@ \‘I 1 bl B S B :
n \ | ! l ll b
al - N ,Jl,r"'"ﬁl -
i LY U
v TNREERAEE
O R
! 'Jlfﬂi!/ﬁl !
{000 1
11
porpan wgwng | {1
;_i,‘_mw)‘"‘/
= b4
I\
¢ |
W 1z 1y w18 3
Fig. 14. Minimum local
reslstance coefficlients for
annular fins and recesses 3t
an ldentical form of input
edge of plpe.
{
]
a7
06—
a3
™
aJ
02
a -
0
10
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application of annular fins
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into plpe with rectangular
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Ii, Fig., 24, curves of minimum local reslstance coefflclents for
anmular fing and recesses at ldentlcal form of iInnut edge of the plpe
are ccmplled. Using thils graph, 1t 1s easy to determine the c¢onvenlence
of applying an annular fin or recess In dependence upcn thelr dlameters,
1f in thls case, the selectlcen of fin or recess length 1s not limitea.
Ard so, for example, for & sharp input edge of the pipe at D/d < 1.25
hy the arrangement of the recesesg, smaller pressure losses at the
entry into the pipe can be obtained than at a fin; at D/d > 1.25, on
the contrary, the presence of an annular fin at lnput allows the
obtalnment of smaller pressure losses In comparison with the receas;

At ldentical overall dimensions of fin and recess preferably of
thisg or any other arrangement, 1t depends upon the value of 1ts relative
diameter D/d and relative length 1/d. In Fig. 15, on the basis of
" processing the test results represented 1In Filg. 4§ and 9, a curve 1is
glven splitting two zones, one of which (the upper) characterizes
these values D/d and 1/d st which the application of annular recesses
is convenlent and the other (lower) — annular fins at input into the
plpe with sharp edge. The very curve determlies the interrelation
tetween D/d and 1/d, at which the resistance coefficients { for fin
and Cy for recess have identical values. In Fig. 16, an anslogous
curve wlth zones of convenlent application of annular fine and
recesses for the case of input into a plpe with rectangular edpge 1is
given., This curve was formulated by test results deplcted in Figs.

7 and 10'.

The use of these curves allows the rapid evaluation of the
advisability of using fins oOr receegses at thelr given overall dimensions. i

The value of the local resistance coefficient at given D/d and
1/d 1in this case 1s determined respectively by graphs depicted in

Figs. 4, 7, 9 and 10, with introduction of a correction considering

FTD-HT-66-371/1+2+4 21
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pregaure logses tvom trletlon of the f'low apainst the wolle of Lhe

plpe 1n contormlity with rormula (4).

o s

Jueninge in Flat Wall with Annular Fin and Annular Recess

"
L
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The srrangement of annular fin, or vecess at the Iinput lInto Lhe
opending situated in a flat wall, allws even more sharply, the
rediiction of pressure losses at outflow 1n comparison with loss
reduction at the entry of the flow into the pipe. For an cpening
without anaular fin or recess (1/d = ), the resistance coefficient
of outflow ¢ = 2.7 (Flg. 17 and 18).

In ratlo to the 1lncrease 1n len;-th of fin or depth of recess
z/d,the coefficient { sharply decreases; at a certain 1/d value it

~-reaches 1ts minlmum and then with the rise of 1/d, it increases
" gradually. Experiments have shown, that at an arrangement of a fin
_with a diurcter D/d = 1,222 and length 1/4 0.25 the coefficlent
{ = 1.15; at an arrangement of an annular recess with a diameter
D/d = 1.156 and depth 1/d = 0.2 the coefficient { = 1.18, i.e.,, it
decreases by approximately 2.3 times. We will mention, by the way,
that 1in an 1deal case when ttre phenomenon ¢of stream compression behind
Vthe cpening is fully absent, and the flow 1s without frictlon, pressure
losses are equal to the dynamic pressure of the stream, il.e., ¢ = 1.

At suell relative dlameters D/d of the annular fin, a sharply
expressed minimum of pressure losses takes place (curve { = f£(1/d) at
D/d = 1.156). The rapid growth of { at an increase in 1/d ratioc 1is
explalned 1n thls case by the fact, that the edge of the opening in
tite wall falls Iinto the aerodynamic shadow created by the fin, as a
result of which the suction effects of the annular zone, limited by
the fin, opening edge and surface of the stream, 1s considerably

reduced &nd the stream passing the edge of the opening continues

e v g
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belng compressed behind the openlng. Thils leads to a sharp rise in

a2 s Al

{ coefficlent with an increase in 1/d.
In Flg. 19 the effect is shown of the annular fin on the nature ;
of veloclty dilstributlon in the stream beyond the opening. Experiments f :%

were carried out with & fin with a diameter D/d = 1.222 and length g =

1/d = 0.25, 1.e., with dimensions at which 1s observed a minimum
value of the resistance coefficlent { = 1.15. The velocity filelds
were measured with a Pltot tube in three segtions, remote from the
plane of the opening at distances of 0,028 d; 0.5 d and 1.0 d. Tests
have shown that the arrangement of the fin conslderably improves the

uniformity of veloclty distributlon bty sectlions. The ratlo of maximum

S e Bl i 2 i A Ll L i 20

velocitles 1n sectlons to the average output velocity of the stream

b 3l

from the opening decreases from Vh/V = 1,62 to Vm/V = 1.4, A
similar improvement 1n uniformity of veloclty distribution 1s observed

alac at input 1nto the plpe with fnnular fin or recess,

TR

¢ | [TTT7T

26

24

22

20

Fige 17. Reslstance coefflceclent of openlrng with
annular fin 1n dependence upon helght of the fin
at 1ts various dlameters.
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Fig. 18. Resistance coefficlent of opening with
annular recess 1ln dependence upon depth of regess
“at 1lts various dlameters.
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Fig. 19. Velocity distribution in the stream,
coming out from the openlng wlth annular fin
and without 1t.
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